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INTRODUCTION
Posttraumatic stress disorder (PTSD) is a serious mental health condition that can develop after exposure to events such as assault or disaster. Documentation of PTSD-like psychological conditions from battle dates back thousands of years, at least as early as the Greco-Persian wars [1] . In the 17th century, military physicians began to assign terms such as "nostalgia" and "homesickness" to war-related psychological disorders. Much like the symptoms of PTSD today, these conditions were characterized by insomnia, weakness, anxiety, palpitations, stupor, and depression. In the American Civil War, the terms "soldier's heart" and "exhausted heart" were given to soldiers with symptoms similar to those of PTSD [2] . In World War I, many soldiers with psychiatric symptoms due to combat were said to have "shell shock," which was thought to be caused by physiological changes secondary to proximity to artillery explosions [2] . This view changed only when military physicians recognized that not all troops affected by shell shock were exposed to artillery blasts. Thousands of U.S. soldiers involved in the conflicts in Korea and Vietnam experienced psychological symptoms [1] [2] including distressing memories and nightmares. Psychological injury occurred in troops both with and without physical injuries. The term "PTSD" was added to the lexicon in the early 1980s [3] to describe these psychological symptoms and problems that frequently result from war trauma. As in previous conflicts, psychological injury arising from the wars in Afghanistan and Iraq is well documented [4] . The prevalence of PTSD in combat troops who served in Operation Iraqi Freedom (OIF) is estimated to be between 10 and 18 percent, a rate that does not diminish with the passage of time [4] .
PTSD is an anxiety disorder that is characterized by intrusive memories of the traumatic event, avoidance behaviors, and hyperarousal [5] . PTSD stems from at least two factors: a traumatic experience and the individual reaction to the event (per Diagnostic and Statistical Manual of Mental Disorders IV criteria) [6] . Experiencing or witnessing a traumatic incident, such as an automobile accident or a battlefield explosion, can trigger PTSD in some individuals. However, not everyone will develop PTSD from a traumatic event. For individuals who experience the same traumatic event, some may go on to develop PTSD, while others may not [3] .
Several criteria concerning a person's exposure and reaction to a traumatic event must have occurred for a diagnosis of PTSD to be made [6] . The criteria include (1) exposure to a traumatic event; (2) intrusive recollection of the event through distressing memories, disturbing dreams, and other ways; (3) avoidance/numbing behavior, including avoidance of associated thoughts and places and diminished interest in activities; (4) at least two symptoms indicating hyperarousal, including sleep dysfunction, irritability, hypervigilance, and an exaggerated startle response; and (5) duration of symptoms of more than 1 mo. Additionally, the symptoms should be associated with significant distress in social function, occupational function, or other areas [5] [6] .
As with PTSD, traumatic brain injury (TBI) is not exclusive to the military, but it is frequently associated with warfare. The incidence of TBI from the recent conflicts in Iraq and Afghanistan has increased compared with previous wars. For this reason, TBI and PTSD have been called the signature injuries of these wars [7] , bringing increased attention to these two conditions. Com-pared with previous conflicts, the heavy use of improvised explosive devices (IEDs), mines, rocket propelled grenades (RPGs), and other explosives has put many troops in harm's way from blasts. Accordingly, studies have shown that blast-related (BR) injures comprise 56 to 78 percent of all injuries sustained by U.S. troops in the Global War on Terrorism [8] [9] . Improvements in body armor have reduced mortality rates from thoracic injury [10] [11] . However, the head, face, and neck are still relatively exposed and the incidence of injury to these areas has actually increased in OIF/Operation Enduring Freedom (OEF) troops [12] . As expected, the rise in head injuries has been accompanied by escalated rates of TBI. Additionally, improvements in military medicine have improved survival rates, thereby increasing the number of troops and veterans living with TBI and other wounds.
The Department of Veterans Affairs/Department of Defense define TBI as "a traumatically induced structural injury and/or physiological disruption of brain function as a result of an external force that is indicated by new onset or worsening of at least one of the following clinical signs, immediately following the event-any period of loss of or a decreased level of consciousness (LOC), any loss of memory for events immediately before or after the injury (posttraumatic amnesia [PTA]), any alteration in mental state at the time of the injury (confusion, disorientation, slowed thinking, etc.), neurological deficits (weakness, loss of balance, change in vision, praxis, paresis/plegia, sensory loss, aphasia, etc.) that may or may not be transient, and/or intracranial lesion" [13] . TBI is categorized as "mild," "moderate," "severe," or "penetrating" depending on the extent and type of injury and the physical signs that occur at the time of injury. The diagnosis of mild TBI (mTBI) after head trauma requires at least one of the following-LOC lasting from 0 to 30 min, PTA of less than 24 h, a Glasgow Coma Scale (GCS) score of 13 to 15, and any alteration of consciousness/mental state following the event lasting from a moment up to 24 h [13] [14] . Moderate TBI diagnosis is made by LOC of over 30 min but less than 24 h, PTA greater than 1 d but less than 7 d, and an initial GCS score of 9 to 12. A severe TBI diagnosis is made when LOC exceeds 24 h, PTA exceeds 7 d, and the GCS score is less than 9 [15] . A penetrating TBI is caused by a foreign body penetrating the brain [13] . All severity levels of TBI are associated with physical, psychological, and social complications that can be short-term or chronic [16] [17] .
Many troops and veterans with TBI also develop PTSD. In the past, this was considered improbable because TBI-associated altered consciousness and amnesia should prevent the encoding of memories considered necessary for PTSD development [18] [19] . Supporting this dissociation is evidence that PTSD occurs more frequently in mTBI than in moderate or severe TBI [18] . This might occur because mTBI-associated PTA is shorter and less severe than PTA in moderate/severe TBI. However, PTSD is diagnosed in some patients with moderate/severe TBI and, in these patients, PTSD might arise because the PTA was only partial and some memories of the event remain [19] . It might also develop from reconstructed memories from photos or conversations with witnesses. Additionally, memories of events after the trauma, such as painful medical procedures, might be sufficient to induce PTSD in some individuals [18] . Complicating the coexistence of TBI and PTSD is the fact that symptoms from each condition often overlap. Overlapping symptoms include irritability, sleep problems, problems with concentration and memory, fatigue, and pain [5, [19] [20] . Thus, in persons with both conditions, it may become difficult to ascribe a symptom to a specific diagnosis. This can complicate selection of treatment alternatives because treatment of PTSD, a psychological disorder, might differ from treatment of TBI, which is attributed to organic neural changes.
Adverse changes in vision function and increases in visual symptoms have been documented in TBI, and many of these problems may be due to brain injury in areas associated with ocular function [21] [22] [23] . To the authors' knowledge, vision problems in patients with PTSD have yet to be documented in the literature. There have been anecdotal reports of increased light sensitivity in patients with PTSD and an Internet search has yielded many discussions in this area, but research examining this association could not be found. Increased multisensory symptoms including visual, hearing, and vestibular problems have been reported in OIF/OEF veterans with PTSD, but no specific analyses linking only visual symptoms to PTSD were made [24] . This lack of information leads to speculation about what vision changes might occur in patients with PTSD. It might be that oculomotor and binocular vision (BV) dysfunctions occur less frequently in PTSD than in TBI because PTSD is a psychological injury and normal ocular function might not be affected. Conversely, the concentration difficulties, irritability, depression, social detachment, and other psychological problems in PTSD [20] might contribute to poor results during vision testing. Herein, we report on the results of vision tests in patients with a history of TBI, both with and without PTSD, to provide new insights about vision issues in both conditions.
METHODS
In this retrospective study, we reviewed electronic medical records of inpatients seen by the Optometry department in the Polytrauma Rehabilitation Clinic at the Department of Veterans Affairs Palo Alto Health Care System. We enrolled 50 patients who sustained a non-BR (NBR)-TBI from events such as automobile accidents or falls and 50 who sustained a BR-TBI from proximity to an explosive blast. Among the patients with NBR-TBI, 46 were on Active Duty when injured and 4 were veterans eligible for Department of Veterans Affairs medical care. Two incurred NBR-TBI while stationed in Iraq, but most were injured in the United States. All patients with a history of BR-TBI were on Active Duty and stationed in Iraq or Afghanistan when injured.
It was not possible to determine exactly which type of BR injury each patient with BR-TBI had. Blast injury can occur directly from the blast energy or indirectly from events surrounding the blast and has differing terminology depending on the cause [25] . Primary BR-TBI occurs directly from exposure to blast pressure waves. Secondary injury is caused when projectiles energized by the blast impact a person. These projectiles can cause blunt trauma as well as penetrating brain injury. Tertiary injury occurs when a person, hurled by a blast, hits a solid object. Quaternary injury is blast-related injury not due to primary, secondary, or tertiary events and includes crush injuries, burns, fume poisonings, and other causes. Prior research has indicated that most cases of BR-TBI are not due to an isolated mechanism but are caused by a combination of these factors [26] [27] .
Posttraumatic Stress Disorder Diagnosis
All 41 veterans with PTSD had a confirmed diagnosis made by a mental health provider and recorded in their electronic medical record. All other patients were classified as not having PTSD. Other psychological diagnoses such as depression and mood disorder were common in patients with and without PTSD and were noted when present. Additionally, many patients were on medications for both physical and psychological conditions. Any medication with visual side effects was documented.
Traumatic Brain Injury Severity
TBI severity was classified as either mild or moderate/severe based on information in the electronic medical record. Documentation of TBI severity, by a Polytrauma Rehabilitation Center physician, was used whenever present. If this information was unavailable, a determination of TBI severity was made using standard classification criteria [13] by one of the authors (GLM) based on information in the electronic medical record.
Vision and Ocular Data
Vision data, both self-reported vision complaints and testing results, were collected from the first full eye/vision examination record after the patient's TBI-inducing event. Some data were not available in every record because some patients could not complete all testing. In addition, some testing was not feasible in certain patients (e.g., convergence was not assessed in patients who were monocular). All eye/vision examinations were conducted by optometrists with expertise in the evaluation and treatment of patients with TBI.
The chief complaint and history sections of each patient's eye examination record were examined to determine the presence or absence of self-reported visual symptoms. Any complaints of light sensitivity, blurred vision, reading symptoms, or diplopia were documented. If any information could not be ascertained, it was recorded as missing data. Visual acuity (VA) was measured with a Feinbloom Distance Low-Vision chart in nonambulatory patients and in eyes with very poor vision. In all others, VA was measured with an Early Treatment Diabetic Retinopathy Study acuity chart. Fixation was tested by having the patient fixate a 20/50 near target. Any observed fixation unsteadiness or nystagmus during the testing was recorded as a fixation deficit. Northeastern State University Oklahoma College of Optometry oculomotor norms were used to evaluate pursuits and saccades [28] . The examiner recorded if pursuit and saccadic testing results were normal or deficient but did not document individual parameters. Cover testing, both unilateral and alternate, was conducted in primary gaze at distance and near. If the patient had trouble fixating, ocular alignment was assessed with the Hirschberg test. The near point of convergence (NPC) for binocular fusion was measured with the patient fixating a single 20/ 50 near letter. An NPC of greater than 8 cm was classified as convergence insufficiency (CI). Accommodative amplitude was tested monocularly on patients 40 yr of age and younger with the pull-away technique and rated as normal or deficient using age-established norms [29] . Monocular visual fields were evaluated using confrontation, tangent screen, arc, or Goldmann perimetry, depending on the patient's abilities. Any visual field defect was diagrammed on a form appropriate to the test (e.g., Goldmann perimeter chart), scanned into the medical record, and described by the examiner.
Objectively measured reading ability was tested using internally developed reading materials [22] . The test was written at a sixth grade level and consisted of continuous text (10 point, Times New Roman font). Reading speed was noted and comprehension assessed by asking five questions about the information in the text. Reading facility was assessed subjectively. The examiner recorded if the patient's reading ability was normal or if a reading deficit was present based on the test results.
The presence and extent of any ocular injury was assessed via a thorough history and a complete anterior and posterior segment ocular heath examination.
Analysis
Data analyses were conducted using SPSS software, version 18 (IBM Corporation; Armonk, New York). Univariate analyses were performed using χ 2 and Fisher exact tests for binary variables. Fisher exact test was used in cases where the expected value for any cell was less than five [30] . A t-test was used for continuous variables. Logistic regression was used to examine the relationship of PTSD to the observed results while controlling for possible confounding variables. Table 1 gives demographic data of the 100 patients whose records were reviewed. All had a history of TBI: 50 NBR-and 50 BR-TBI. Of the patients, 41 had a PTSD diagnosis and 59 did not. The average age of the patients with PTSD was approximately 6.5 yr greater than the patients without PTSD, and this difference was significant: t(98) = 3.17, p = 0.002. Only five females were included, and the sex distribution was nearly equal in * p = 0.002. † p < 0.001. ‡ Reduced sample size due to missing data. BR = blast-related, NBR = non-blast-related, PTSD = posttraumatic stress disorder, TBI = traumatic brain injury.
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each group. Of the 41 patients with PTSD, 31 sustained BR-TBI and 10 NBR-TBI, and this difference was significant: χ 2 (1) = 16.54, p < 0.001. Mild TBI was significantly associated with PTSD in this patient sample (χ 2 (1) = 19.02, p < 0.001) since 53 percent of patients with PTSD and 10 percent of patients without PTSD had a history of mTBI. In our sample, the nine patients with a penetrating TBI also had a diagnosis of moderate/severe TBI and are included in both groups. Penetrating TBI, being monocular, and a history of trauma to the eye or orbit occurred with greater frequency in the patients without PTSD, but the differences were not significant. A visual field defect was found in 5 of 41 (12%) patients with PTSD and in 7 of 58 (12%) patients without PTSD. All of the patients in this study had relatively good VAs in at least one eye. The average logarithm minimum angle of resolution (logMAR) VA * from each patient's best eye was 0.022 (~20/21 Snellen equivalent). The average VAs for those with and without PTSD (0.01 [20/ 20] and 0.03 [20/21] , respectively) were not significantly different. Overall, the VAs from the best eyes ranged from 0.10 (20/16) to 0.40 (20/50). Only 6 patients had best eye VAs in the 20/40 to 20/50 range, 2 of 41 (5%) with and 4 of 59 (7%) without PTSD. Another acuity metric, VA in the poorer eye, has the potential to capture the deleterious effects of ocular injury, TBI, and other stressors on vision. For each patient, VA in the poorer eye was assigned to one of two categories: (1) VA better than 0.54 (20/70) or (2) VA equal to 20/70 or worse. The 20/ 70 or worse category included eyes that were enucleated and those that were functionally blind in addition to those with poor VA. Four patients had VA reduction in one eye from childhood amblyopia, and the VA from the other eye was used in these cases. Three of 41 (7.3%) patients with PTSD had an eye with poor acuity, compared with 9 of 59 (15.3%) patients without PTSD. This difference was not significant: Fisher exact test, p = 0.36. Table 2 details the events that created injury sufficient to require hospitalization and/or medical care in these patients. This was the most recent TBI-associated event, although each may have sustained TBI earlier in their lifetimes. Most patients were injured in Iraq or Afghanistan (52%). Table 2 . Traumatic brain injury causes (last event) and association with posttraumatic stress disorder (PTSD), n.
Cause
With United States, and the remainder while serving in Italy (3%), Okinawa (2%), Germany (1%), Guam (1%), or Turkey (1%). In the BR-TBI group, all 50 subjects had injuries from a blast event caused by an IED, RPG, mortar, or mine. All blast injuries occurred in Afghanistan or Iraq. Injury in the NBR group was due to motor vehicle accident (58%), fall (16%), assault (12%), pedestrian struck by vehicle (4%), gunshot (4%), bicycle accident (4%), or snowboard accident (2%). Most of the NBR injuries (n = 40) occurred in the United States, two occurred in Iraq, and the remaining eight occurred in Japan, Germany, Italy, Guam, or Turkey. The mechanism of injury in the 41 patients diagnosed with PTSD differed from the overall population. The mechanisms were blast event (73%), motor vehicle accident (15%), fall or assault (10%), and gunshot (2%). While the mechanism of injury represents the proximate cause of injury, it may or may not be the proximate cause of PTSD. Different factors of the blast event may have caused the TBI (e.g., blast wave, blunt trauma) and the PTSD (e.g., the condition of nearby companions). Moreover, subject medical records sometimes reported prior blast events and other traumatic exposures, which may have caused PTSD or contributed to its development.
The interval between date of injury and admission date ranged from approximately 2 wk to 56 mo with a mean interval of 8.0 mo. The interval between patient admission to the Polytrauma Rehabilitation Center and the vision examination varied depending on the patients' ability to participate in the examination. In the majority of cases, the interval between admission and examination was 1 to 4 mo. Patients with PTSD averaged longer intervals between injury and admission dates than those without PTSD. The means were 15.3 and 2.9 mo, respectively, and this difference was significant: t(98) = 6.11, p < 0.001.
The percentages of oculomotor/BV deficits in veterans with and without PTSD are shown in Figure 1 . Strabismus was more frequent in patients without PTSD (46%) than in those with PTSD (26%) but did not reach significance: χ 2 (1) = 2.78, p = 0.10. Additionally, no significant differences between the veterans with and without PTSD were found for any of the other oculomotor/ BV measures reported. Across all 100 patients, high rates of CI (63%), accommodative insufficiency (67%), and saccadic dysfunction (71%) were found. Pursuit abnormalities (37%) and fixation deficits (23%) were less frequent but still noteworthy.
The frequencies of self-reported vision symptoms and reading performance deficits are shown in Figure 2 . Overall, 79 of the 100 patients had one or more complaints about their vision. For all four visual symptom categories, patients with PTSD reported more problems than those without PTSD. The visual symptoms category in included complaints of blurred vision, hazy vision, and other general visual symptoms. Seventy-six percent of patients with PTSD and 61 percent of patients without PTSD reported visual symptoms, although this difference was not significant: χ 2 (1) = 1.72, p = 0.19. Documentation of light sensitivity assessment could be found in 86 patient records; these data were missing from 14 records. A higher percentage of patients with PTSD endorsed light sensitivity than those without PTSD (78% vs 27%), and the difference was significant: χ 2 (1) = 23.08, p < 0.001. A higher proportion of patients with PTSD also reported reading difficulties: χ 2 (1) = 8.36, p = 0.004.
All but two of the patients in this study were on one or more medications to treat their physical and psychological injuries. Virtually every medication has side effects, and 85 percent of the patients were taking at least one medication with a visual side effect [31] . Table 3 lists each medication, its primary use, visual side effects, and the number of patients taking it. Thirty-nine of the 41 (95%) veterans with PTSD and 46 of the 59 (78%) without were taking at least one medication with known visual side effects, and the difference was significant: Fisher exact test, p = 0.02. Thirty-three of the 59 (56%) patients without PTSD had other psychological diagnoses including depression, mood disorder, anxiety, and agitation. Of these 33 patients, 28 were taking at least one of the medications listed in Table 3 . Trazodone has been reported to cause visual side effects in up to 14 percent of outpatients [32] and was the most common medication with visual side effects used by the patients in this study. More patients with PTSD than patients without PTSD were on Trazodone (46% vs 36%), but this difference was not significant, χ 2 (1) = 0.76, p = 0.38.
PTSD was significantly associated with mTBI in these patients. As with medication usage, TBI severity (mTBI vs moderate/severe TBI) has the potential to confound the association of PTSD with the vision results observed. To investigate the influence of these and other factors, logistic regression was conducted on the factors found significant in the univariate analyses (light sensitivity and reading symptoms) using PTSD presence (±), age, medication use (±), TBI severity (mTBI or moderate/severe TBI), and injury mechanism (NBR or BR) as predictor variables. Controlling for these variables confirmed the univariate PTSD/vision findings ( Table 4) . Patients with PTSD were more likely to report light sensitivity and reading symptoms. No significant associa-tions of light sensitivity or reading symptoms with the other predictor variables were found.
DISCUSSION
Our retrospective review of 100 medical records revealed high rates of oculomotor/BV deficits in these veterans, all of whom had a history of TBI. In fact, one or more deficits were measured in 88 percent of the patients. However, there were no significant differences in oculomotor/BV deficits in patients with PTSD compared with those without. This suggests that vision dysfunction may be associated more with TBI than with PTSD in these patients, with the caveat that the high rates of oculomotor/BV deficits in these patients with TBI could be masking PTSD-related problems. In our patient population, the oculomotor/BV deficits may point more to internal, organic damage as seen in TBI. If confirmed by future studies, oculomotor function measurements may prove helpful in establishing a history of TBI in some patients [33] . This is important because treatment methods vary between TBI, an organic injury, and PTSD, a psychiatric disorder [34] . As in our patient population, however, TBI and PTSD are often comorbid and have overlapping signs and symptoms [35] .
We examined four self-reported visual symptoms in this study-general visual symptoms, light sensitivity, diplopia, and reading symptoms. For each symptom, patients with PTSD reported problems more frequently than did patients without PTSD. For light sensitivity and reading symptoms, the complaint rate was significantly higher in the patients with PTSD compared with those without. These findings, combined with the BV/oculomotor function results shown previously, allow us to hypothesize that the reporting of visual symptoms in the absence of measurable vision function deficits might also aid in the differentiation of postconcussive symptoms from PTSD symptoms. The increased rates of visual symptoms in patients with PTSD could be related to other issues known to occur in patients with PTSD. PTSD-associated hypersensitivity and hyperarousal [36] may cause an increased awareness and reporting of visual problems in some patients. Sleeping difficulties and concentration problems in patients with PTSD [3] may also contribute to vision problems.
Literature documenting the effects of PTSD on vision function is sparse. A recent study by Pogoda et al. found that a PTSD diagnosis in OIF/OEF veterans increased the odds of reporting multisensory symptoms [24] . The definition of multisensory impairment included a triad of visual, hearing, and vestibular symptoms. Visual symptoms were reported by over 40 percent of the veterans, but no analysis specifically examining the relationship between PTSD and vision was made. A 2010 article addressing numerous aspects of PTSD refers to many vision deficits and symptoms that may be present in PTSD, including decreased visual acuity, stereovision, accommodation, BV, and increased sensitivity to glare [37] . Unfortunately, no references directly linking any of these visual conditions to PTSD were given. Similarly, a 2012 report of neurotransmitter function in the oculomotor nucleus in rats states that PTSD in humans may be associated with symptoms of extraocular oblique muscle disorders, inward or vertical eye movement disorders, and ptosis [38] . Again, no references associating these vision disorders to PTSD were documented. The lack of studies addressing vision changes in PTSD means that clinicians must rely on experience and anecdotal reports when addressing vision issues in these patients. Our findings of TBI-associated visual dysfunction are supported by others who have also documented visual disturbances and abnormal oculomotor and binocular system measurements after TBI [22, [39] [40] . Research has shown that BV problems are associated with a number of symptoms that can affect daily functioning including headaches, eye fatigue, asthenopia (eye strain), and reading problems [41] [42] . Difficulties with reading can have negative effects on educational and vocational achievement, goals of many veterans returning from deployment. Therefore, all patients with a history of TBI Note: Bold numbers are statistically significant. CI = confidence interval, OR = odds ratio, PTSD = posttraumatic stress disorder.
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merit a complete eye examination with a provider who is experienced and knowledgeable in the examination and treatment of patients with TBI. The current study found higher rates of visual symptom reporting and of use of medication with visual side effects in patients with PTSD than in those without. The visual side effects of the medications prescribed to our subject population include blurred vision and altered pupil function, as well as vague effects referred to as "vision changes" or "vision problems" [31] . Multivariate analyses showed that medication use did not contribute to the higher frequency of patients with PTSD reporting visual symptoms. This finding is consistent with an article by Han et al. in a study of medication effects on selfreported visual symptoms or diagnosis in 220 patients with either TBI or cerebrovascular accident [43] . They concluded that the TBI or cerebrovascular accident diagnoses, but not medication intake, affected symptoms and diagnoses.
A PTSD diagnosis was significantly associated with mTBI in this study. This finding is in agreement with others who have found that a history of mTBI increases the chances of developing PTSD compared with patients with no TBI or with other injuries [20] . Conversely, some research has found that PTSD development is less likely after moderate/severe TBI, attributable to the increased length and severity of LOC and PTA that occur after injury [44] . It is important to recognize that PTSD can occur after TBI, regardless of the cause of or severity of the injury.
Increased age was also significantly associated with a diagnosis of PTSD in the current study. This finding runs counter to some studies that have found younger age to be a risk factor for developing PTSD [45] [46] . However, in a study of 201 OIF/OEF veterans, Gellis et al. found no association of age with a PTSD diagnosis [47] . The reason for our finding is unclear. The two oldest patients in our sample were 62 and 63 yr of age and each had diagnoses of PTSD and a history of NBR-TBI. However, age remained significantly greater in patients with PTSD even after these two patients were removed from the analysis.
Finally, more research is needed concerning PTSD, medication side effects, vision, and their interrelationships. While the current study examines these issues, it is limited by the lack of a PTSD-and TBI-free control group, the varying intervals between injury and examination, and its retrospective design. Future prospective studies, with controls, will further scientific understanding of these complex conditions and help ensure optimal diagnosis and treatment for patients with TBI, PTSD, or comorbidity.
CONCLUSIONS
Both physical and psychological traumas are unfortunate consequences of war. TBI and PTSD often occur in veterans of the Iraq and Afghanistan wars and other wounded warriors and are frequently comorbid. However, both conditions can happen to anyone at any time, including civilians. Both TBI and PTSD are associated with numerous adverse signs and symptoms, many of which overlap [35] . Thus, determining if a problem is secondary to TBI, PTSD, or both becomes difficult. TBIrelated changes in vision function are being increasingly documented [21] [22] 39] , but information on how PTSD affects vision is not as well studied.
Vision testing results from the 100 patients, all with TBI, revealed high frequencies of visual symptoms and of vision function deficits. In terms of objective deficits, no differences in oculomotor/BV deficits were found in the 41 percent of patients with PTSD compared with those without. However, the presence of (subjective) visual symptoms was reported at higher rates in patients with PTSD than in patients without PTSD, implying that the PTSD condition enhanced the patient's sensitivity or emotional response to the underlying deficits when present. Thus, the organic neurotrauma from TBI may be a factor in the oculomotor deficits that were found [21] , while PTSD-associated hypersensitivity [36] may have caused an increase in reported visual symptoms in these patients. Determining to what extent reported symptoms are attributable to TBI, PTSD, or both are directions for future research.
